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THE RELATIONSHIP BirTWEEN DIET 
and coronary heart disease 
(CHD) has been studied inten- 
sively for nearly a century. In 
1908, Ignatowski produced atheroscle- 
rosis in rabbits with a diet high in cho- 
lesterol and saturated Tat* , feeding the 
rabbits cholesterol alone produced iden- 
tical lesions. In the early 1950s, con- 
trolled feeding studies dtimonstraied 
that saturated fatty adds and, to a lesser 
extent, cholesterol increased serum 
cholesterol concentradon in hu- 
mans.^ Meanwhile, epidemiologic stud- 
ies found that increased si!rum choles- 
terol predicted risk of CHD in human 
populations. These discoveries led to 
the classic diet-heart hypothesis, which 
postulated a primary role of dieLary 
saturated fat and chole^iierol in the 
cause of atherosclerosis and CHD in hu- 
mans.^ The diet-heart hypothesis gained 
further support from eco logical corre- 
lations relating saturated fat intake to 
rales of CHD in cohorts from different 
countries^ and from studies of mi- 
grants from low- lo high-risk coun- 
tries.' 

Until recently, most epidemiologic 
and clinical investigations of diet and 
CHD have been dominated by the diet- 
heart hypothesis. However, ihc origi- 
nEil hypothesis was overly simplistic be- 
cause the effeCLs of diet on CHD can be 
mediated through multiple biological 
pathways other than serum loial cho- 
lesterol or low-density lipoprotein cho- 
lesterol (LDL-C) (Figure l) ° The ex- 
istence of these multiple pathways 
heightens the need to study clinical out- 
comes because the use of a single in- 



Context Coronary heart disease (CHD) remains the leading cause of nwrtalfty in in- 
dustrialized counbies and is rapidly becoming a primary cause of death worldwide. 
Thus, identification of the dietary changes that most effectively prevent CHD Is criti- 
cal. 

Objective To review metabolic, epidemiologic, and clinical trial evidence regarding 
diet and CHD prevention. 

Data Sources and Study Selection We searched AAEDUNE through May 2002 
for epidemiologic and clinical investigations of maior dietary factors (fat, cholesterol, 
onwga-3 fatty adds, trans-fatty acids, carbohydrates, gtycemic Index, fiber, folate, spe- 
cific foods, and dietary patterns) and CHD. We selected 147 original investigations 
and reviews of metabolic studies, epldemrologk: studies, and dietary intervention tri- 
als of diet and CHD. 

Data Extraction Data were examined for relevance and quality and extracted by 1 
of the authors. 

Data Synthesis Compelling evidence from metabolic studies, prospective cohort stud- 
ies, and clinical trials In the past several decades indicates that at least 3 dietary strat- 
egies are effective in preventing CHD: substitute nonhydrogenated unsaturated fats 
for saturated and trans-fats; increase consumption of omega-3 fatty adds from fish, 
fish oil supplements, or plant sources; and consume a diet high in fruits, vegetables, 
nuts, and whole grains and low in refined grain products. However, simply lowering 
the percentage of energy from total fat In the diet is unlikely to improve lipid profile or 
reduce CHD incidence. Many issues remain unsettled, Including the optimal amounts 
of monounsaturated and polyunsaturated fats, the optimcJ balance betweer? omega-3 
and omega-6 polyunsaturated fats, the amount and sources of protein, and the ef- 
fects of individual phytochemicals, antioxidant vitamins, and minerals. 

Conchjsfons Substantial evidence indicates that diets using nonhydrogenated un- 
saturated fats as the predominant form of dietary fat, whole grains as the main fonm 
of carbohydrates, an abundance of fruits and vegetables, and adequate omega-3 fatty 
adds can offer significant protection against CHD. Such diets, together with regular 
physical activity, avoidance of smoking, and maintenance of a healthy body weight, 
may prevent the majority of cardiovascular disease in Western populations. 
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termed iaie end point as a surrogate of 
CHD risk could be misleading. In the 
past 2 decades, understanding of the 
nutrients and foods likely to promote 
cardiac health has grown substan- 
tially o^ving to studies of the molecu- 
lar mechanisms of atherosclerosis and 
the metabolic effects of various nutri- 
ents and foods, large and carefully con- 
ducted prospective cohort investiga- 
tions, and dietary intervention trials. 
Although the search for the optimal diet 



for prevention of CHD is far from over, 
more specific and firmer evidence on 
diet and CHD is now available. 
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Figure 1, Mechanisms by WMch Diet Potentially Influences Risk of Coronary Heart Disease 




Rgurd 2. Predicted Change* in Serum Lipids 
and Lipoproteins 
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Predided changes are based on replacement of 5% 
of ener^ as cartxjhyd rates with specific fatty acids 
under isocaioric conditions. assL-mtng baseline high- 
dehsity lipoprotein chotestefol <HDL-C) levels of 50 
mg/dL (1.30 mmo!/U. low-density tipoproleif) cho- 
lesterol aOL-C) levels of 130 m^/dL t3,37 mmol/L). 
and Lriglyceride (TC) level & or 150 mg/dL (1.70 
mmol/U.''* 



METHODS 

For this review, we searched MEDLINE 
through May 2002 for epidemiologic and 
clinical in vestiga lions of various di- 



etary factors (fat, cholesterol, omcga-3 
faLty acids, trans- fatty acids, carbohy- 
drates, glycemic index, fiber, folate, spe- 
cific foods, and dieur)' patterns) and 
CHD. We selected H7 original investi- 
gations and reviews of metabolic stud- 
ies, epidemiologic studies, and dietary in- 
tervention trials relating to diet and CHD. 
Data were examined for relevance and 
quality and extracted by 1 of the au- 
thors. Although we emphasized con- 
trolled trials vv'ith clinical end points, few 
such trials exist. Thus, we gave substan- 
tial weight to large prospective cohort 
studies that reported disease outcomes 
and metabolic studies ^^^th established 
intermediate end points. The evidence 
is considered strongest when results from 
different types of studies are consistent. 

DIETARY FAT 

AAetabolk Effects 
of Dretary Fatty Acids 

Numerous coniroiied feeding studies of 
the effects of different dietary fatty acids 



on serum cholesterol levels have been 
summarized in several meta-analyses 
from which predictive equations have 
been developed.^*^ ^ Allsuch analyses con- 
firm early reports by Keys^ and Heg- 
stcd^ that saturated fatty adds increase 
and polyunsaturated fatty adds decrease 
total and LDL diolesteroL All 3 classes 
of Catty adds (saturated. monounsaCu- 
rated, and polyunsaturated) elevate high- 
density hpoprotdn cholesterol (HDL-C) 
when they replace carbohydrates in the 
diet, and this effect is slightly greater with 
saturated fatty adds (FiGiiRE2). Also, tri- 
glyceride levels increase when dietary 
fatty acids are replaced by carbohy- 
drates. Because replacement of satu- 
rated fat with carbohydrates proportion- 
aUy reduces both LDL-C and HDL-C, 
and, thus, has litde effect on the LDL- 
HDL ratio and increases triglycerides, this 
change in diet would be expeaed to have 
minimal benefit on CHD risk. How- 
ever, when monounsaturated or poly- 
unsaturated fats replace saturated fat, 
LDL-C decreases and HDL-C changes 
only slightly. Moreover, substituting 
polyunsaturated fat for saturated fat may- 
have beneficial effects on insulin sensi- 
tivity^^" and type 2 diabetes.''* *^ 

In numerous controlled metabohc 
studies, trans-fatty acids (found in stick 
margarine, vegetable shonenings, and 
commercial bakery and deep-fried foods) 
have been shown to raise LDL-C levels 
and lower HDL-C relative to cis- 
unsaturaied fatty acids, and the 
increase in the ratio of total to HDL cho- 
lesterol for traiis-fat is approximately 
twice that for saturated fat (FiGiniE 3)." 
Trans-fat increases plasma levels of lipo- 
protein a'^-^ and triglycerides^ and may 
reduce endothelial function by impair- 
ing flow-mediated dilation." In addi- 
tion, trans- fatty acids adversely affect 
essential fatty acid metabolism and pros- 
taglandin balance by inhibiting the 
enz\TTte del la -6 desaturase.^*'' Finally, 
high intake of /rans-fai may promote 
. insulin resistance^ and increase risk of 
type 2 diabetes.^' 

Epidemiologic Studies 

Geographic and migration studies 
showed strong positive correlations be- 
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tween saturated fat intake and rates of 
CHD>^-^* Although these data provide 
evidence for the importance of environ- 
mental factors in the cause of CHD, they 
arc seriously confounded by other as- 
pects of diet, other lifestyle factors, and 
economic development. Prospective co- 
hort studies of individuals can better 
conuol for potential confounding fac- 
tors. Despite long-standing interest in the 
diet-heart hypothesis, prospective stud- 
ies of diet and CHD are surprisingly 
few""^; only 2 found a significant posi- 
tive association between saturated fat in- 
take and risk of GHD.^'-*^ However, most 
earlier studies were limited by small 
study size, inadequate dietary assess- 
ment» or incomplete adjustment for con- 
founding,'** 

The largest and most detailed analy- 
sis included 4 repeated measures of diet 
over 14 years among 80082 women in 
the Nurses' Health Study cohort/** 
Higher intakes of trans- fat and, to a 
smaller extent, saturated Eat were asso- 
ciated with increased risk, whereas 
higher intakes of nonhydrogenated poly- 
unsaturated and monounsaturaled fats 
were associated with decreased risk. Be- 
cause of opposing effects of different 
t>T3es of fat, total fat as percentage of en- 
ergy was not appreciably associated with 
CHD risk. Dietary cholesterol and mod- 
est egg consumption (1 egg per day) 
were not significantly associated with ei- 
ther CHD or stroke/^ 

In addition to the N-urses' Health 
Study, 3 other large pro:ipectivc stud- 
ies have consistendy found elevated risk 
of CHD with higher trans-fat 
intake. Combining the results of 
the 4 prospective studitts, the pooled 
relative risk of CHD associated with a 
difference of 2% energy in trans-fatty 
acid intake (assessed at baseline) was 
1.25 (95% confidence interval, 1.1 1- 
l .40).''^ Results from casii-control stud- 
ies using biochemical markers of trans- 
fat intake have been less consistent.-^' 
In a recent population-based case- 
control study of 179 cardiac arrest 
patients and 285 community controls, 
higher red-cell membrane levels of 
/rnns-fatiy acids, especially trans- 
isomers frompartially hydrogcnated 



vegetable oils» were associated with sig- 
nificantly Increased risk of primary car- 
diac arrest.*^ No association was seen 
in a small UK study of sudden death. 

Trials of Change in Dietary Fat 

Only a handful of dietary trials with 
CHD end points have been conducted 
and most were among patients with 
CHD (Table). Two dietary approaches 
were tested in earlier trials; one re- 
placed saturated fat with polyunsatu- 
rated fat, leaving total fat unchanged; the 
other lowered total faL In all the high- 
polyunsaturated-fat tTial5,^^-serum cho- 
lesterol was significantly reduced. In die 
Finnish Mental Hospital Study," soft 
margarine replaced stick margarine, so 
the reduction in CHD was probably in 
part due to reduction in trans-fat in- 
take. In the Minnesota Coronary Sur- 
vey cardiovascular events were not 
significantly reduced by a high- 
polyunsaturated-fai diet despite a de- 
crease in serum cholesterol, but the 
mean duration of dietary intervention 
was only about 1 year. Two secondary 



prevention trials testing the approach of 
total fat reducuon did not fhui a signifi- 
cant reduction in serum cholesterol or 
CHD events-^-" 

Omega-3 Fatty Acids 

Omega-3 fatty acids may reduce risk of 
CHD by preventing cardiac arrhyth- 
mia, lowering serum triglyceride Icv- 
els» decreasing thrombotic tendency, 
and Improving endothelial dysfunc- 
tion.^*"^^ An inverse association between 
fish intake and coronary mortality was 
first reported in a Dutch population,** 
and more than 15 prospective studies 
have followed. A systematic review of 
the 1 1 studies published before 2000 
concluded that the inverse association 
was stronger for fatal CHD than for 
nonfatal myocardial infarction (Ml)> 
and the benefit was most evident in 
populations with higher-than-average 
risk of CHD.*^ Since that review, 4 ad- 
ditional prospective cohort stud- 
ies^^i and 1 case-control study^ have 
provided further support for the pro- 
tective effects of marine omega-3 fatty 



Figure 3. Results of Metabolic Studies of the Effects of a Diet High in Trans or Saturated 
Fatty Adds on the Ratio of LDL-C to HDL-C 
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Diet 1-^ in 7?ans-Fatty Adtte 
D*Gt High in SaturatecJ Fatty Acads 
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LDL-C indicates low-density lipoprotein cholerteroi; HDL-C, high-derKity lipoprotein cho!e«teroU A diet with 
Isocaloric amounts of c/s-f alty acids was used as the comparison group. References are indicated by numbers 
inside daU markers. The sorid line indicates the best-fit regression for (wns-fatty acids. The dashed line indi- 
cates thebest-ftt regression for saturated fatty acids. Reprinted with permission." 
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acids against CHD in diverse popula- 
tions. Notably. 2 recent :;cudies have 
shown that consuming 2 or more 
servings of fish per week was associ- 
ated with 30% lower risk of CHD in 
women® and that blood levels of eicosa- 
pentaenoic acid (EPA) :md docosa- 
hexaenoic acid (DHA) were strongly 
associated with decreased risk of sud- 
den cardiac death in men 

a-Uno!enic acid (ALA), an omega'3 
fatty acid high in flaxseed, canola, and 
soybean oils, can be converted to EPA 



and DHA in humans and, thus, may 
have a role in prevention of CHD. An 
inverse association between intake of 
ALA and risk of fatal CHD was ob- 
served in most prospective cohort stud- 
ies,"-^"'** but not in 1 smaller study." 
In a cohort of women, frequent con- 
sumption of oil-and- vinegar salad dress- 
ing (a major source of ALA in US di- 
ets) M^s associated with a significandy 
lower risk of fatal CHD.*^ 

Three clinical trials have examined 
the effects of omega-3 fatty acids in sec- 



ondary prevention of CHD (Table). In 
the Diet and Reinfarction Trial,'' pa- 
tients advised to eat fish twice weekly 
or to take fish oil (1.5 g/d) had a 29% 
lower mortality after 2 years. In the 
GISSI-Prevenzione trial " daily supple- 
mentation with EPA plus DHA (1 g(^d) 
reduced the main end point (compos- 
ite of death, nonfatal Ml, and stroke) 
by 15%, primarily because of a 45% re- 
duction in sudden death after 3 months 
of treatment." A trial from India sug- 
gested benefits of bodi fish oil and mus- 



Table. Trials of Dietary Interventions and Coronary Events* 


Trial 


Patisfi'ts in 
Intervention 
Group 


Dietary 
Intervention 


Dietary Fat Energy From 
CEnergy) In P and S Fat 
Treatment In Treatment 
Group, % Group, % 


Overall 
Trtal 
OuratU>n,y 


Change in 

Serum 
CholesteiDl 
Level, Vot 


Change in 
CHD.%* 








Low-Fat Approach 








MRC Oow f al)'*^ 


123 malQ 
patients 


Reduce total fat 


22 NR 


3 


-5 


-h4 


DARTP^ 


1015 mate Ml 
patients 


Reduce tcftaf fat 


32 NR 


2 




-9 






High-Polyunsaturated-Fat Approach 








FirmJsh Mental 
Hospital 
Stud/' 


676 men vrfthout 
CHD 


Reduce saturated 
fat. Increase 
polyunsaturated fat 


35 Ps=13;S=9 


6 


-15 


-44§ 


Los Ang^s 
Veteran 
Study*** 


424 men; most 
had nci 
evidence of 
exlstirhg CHD 


Reduce saturated 
fat, increase 
poiyur^aturated fat 


40 P=16;S = 9 


8 


-13§ 


-20 in CHD. -31§fn 
cardiovasajJar 
e\/ents 


Osk) Diet- Heart 


206 male VAI 
patlsn-^ 


Reduce saturated 
faU increase 
polyunsaturated fat 


39 P = 21;S = 9 


5 


-14§ 


-255 


WBC (soy oil)" 


199 male Ml 
patients 


Reduce saturated 
fat, increase 
pofyunsaturated fat 


46 P:S ratio = 2 


4 


-15§ 


-12 


Mintiesota 
Coronary 
Survey^' 


4393 men and 
4664 'women 


Reduce saturated 
fat. irY:rease 
polyunsaturated fat 


38 P=15;S = 9 


IB 


-t4§ 


0 






Increase Omega-3 Fatty Acid 








DART" 


1015mali3 Ml 
patients 


Fish twice per week 
orfishoa(1^g/d) 


NR NR 


2 


NR 


-16 in CHD events, 
-29§ in total 
trortatity 


GISSI- 

Pravenzi- 


5(56e Ml patients, 
prbnaily men 


Fish oil (EPA + DHA. 
1 g/d) 


NR NR 


3.5 


0 


-30§ in cardiovascular 
death. -4S§ in 
sudden death 


Indian Experimgni 
ol Infarct 
Survival 4«» 


242 Ml patients, 
primarily men 


Fish oil (EPA, 1.08 g/d) 
or mustard oil 
(ALA 2.9 g/d) 


NR NR 


1 


0 


-30§ in fish oil group. 
-19 in mustard dl 
group 






Whcle-Diet Approach 








Lyon Difit Heart 
Study™"* 


302 Ml patients, 
prim£irfly man 


High /VLA intel<e and 
Mediterranean diat 


31 P:S ratio = 07 


3.8 


0 


-72§ 


Indian txpcriment 
of Infarct 
Sunwal'" 


204 Ml patients, 
prima rDy men 


High inlakG of Irxjits, 
vegetables, nuts, 
fish, and pulses 


24 P:S ratio = 1.2 


1 




-40§ 



"Acaptad Irom Hu el a).'" P indlcites potyunsaturaled fal: S. saturated fat: CHD. coronary he^ disease; MRC, MetScsl Research CouncJ: Ml. myocardial inla-cton; NR. not 
r^ptrtaO: QART. Diet and Relrrfar-^lon Trial: GISSI, Qruppo Itelanoperlo Studio delta Soprawivenza neTtnlarto MiocardU»; BPA. eicosapantaenoic ecid: OHA. docos^^^exaenoic 
acid: and AUK. a-t«rio>enic 3cicJ. 

tChanoe in cholaslarol lav«i rBlars to Uia percenlsgs change in serum choteslerol levd in Ihe ireaBmaTt group compffod wrtlh the Chiangs h iha control group. 
iCharTga in CHD releis lo the perx^sr^pga ditfenence in cooinafv oveni rates in iha iraotment group corrpared with ihe conlrol group, 

§P<.05. 

iTrie lota* duration d (he study w6s 4,5 years, but the mean duralion of U>e inlerv^tion vsras onty 1 year. 
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urd oil ia the treatment of Ml pa- 
tients,*' In the Lyon Diet Heart Study, 
higher ALA consumption in the con- 
text of a Mediterranean diet dramati- 
cally reduced total and cardiovascular 
mortality as well as nonfatal ML*'*^** 
These trials strongly support the pro- 
tective effects of omega-3 fatty acids, in- 
cluding both ALA and fish oil, in sec- 
ondary prevention of CHI). The role of 
fish oil supplements in primary pre- 
vention of CHD has not been tested. 

CARBOHYDRATES 

Prevailing dietary reconcimendations 
have emphasized high intake of com- 
plex carbohydrates, mainly surch, and 
avoidance of simple sugLrs.'^*^ How- 
ever, many starchy foods, such as baked 
pKJtatoes and white bread, arc rapidly 
digested to glucose and fToduce even 
higher glycemic and insuUnemlc re- 
sponses than sucrose (half glucose and 
half fructose) . The glycemic index (GI) 
ranks foods based on rise in blood glu- 
cose (the incremental area under the 
curve for blood glucose levels) after in- 
gestion compared with glucose or white 
bread, standardizing the carbohydrate 
content lo 50 g/^" Footis with a low 
degree of starch gelaiinization (more 
compact granules), such as spaghetti 
and oatmeal, and a high level of vis- 
cose soluble fiber, such as barley, oats, 
and r)'e, tend to have a ilower rate of 
digestion and, thus, lower Gl values. In 
several controlled clinical studies/' 
feeding low-Gl meals to diabetic pa- 
tients led to significant improvement in 
glycemic control and lipid profile, but 
larger studies are needed. 

Glycemic load (GL; the product of 
the Gi value of a food and its carbohy- 
drate conieni) has been used to repre- 
sent both the quality and c^uantiiy of the 
carbohydrates consumed/**" Dietar>' 
GL is more strongly as;;ociaied wiih 
liigher fasting triglycerides and lower 
HDL-C levels comparec with Gl.''* A 
strong positive association between GL 
and risk of CHD was observed among 
75521 women during 10 years of fol- 
low-up.'" The increased risk was more 
pronounced among overweight and 
obese women, consistent with mcta- 

020 in .American Medical Assnciaiioti. .'Ml i 



bolic studies that the adverse effects of 
a high GL diet are exacerbated by un- 
derlying insulin resistance." Thus, car- 
bohydrate-containing foods should not 
be judged simply by their Gl values; the 
amount of carbohydrates, fiber, and 
other nutrients are also important. 

Another way to classify dietary car- 
bohydrates is to subdivide cereal 
grains — staple foods in most societies — 
into whole and refined grains. Most ce- 
real grains are highly processed before 
ihey are consiuned. Refined grain prod- 
ucts contain more surch but substan- 
tially lower amounts of dietary fiber, es- 
sential fatty acids, andphytochemicals, 
although these products arc typically 
enriched with some vitamins and min- 
erals. In several epidemiologic stud- 
ies, higher consumption of whole grains 
was associated with lower risk of CHD. 
Also, prospective cohort studies have 
consistently found an inverse associa- 
tion between fiber intake and risk of 
CHD.^' Several studies have found a 
stronger association for cereal fiber than 
for fruit or vegetable fiber.®^*^ The in- 
verse association for fvber observed in 
epidemiologic studies cannot be fully 
explained by its cholesterol-lowering ef- 
fects; the low Gl of foods with a high 
level of fiber and numerous micronu- 
trients in whole grains may also con- 
tribute to the benefits.*' 

FOLATE 

Much evidence suggests that adequate 
folate consumption is important for the 
prevention of CHD. Epidemiologic 
studies have found an inverse associa- 
tion between folate intake measured by 
dietary questionnaire or serum folate 
level and risk of CHD.^'« which is 
likely to be mediated through homo- 
cysieine-lowering effects of folic acid. 
Two TBndomiz.ed placebo-controlled tri- 
als evaluated effects of folic acid supple- 
mentation on the development and pro- 
gression of atherosclerosis. Vcrmculen 
ct aP^ found that supplementation with 
foUc acid and vitamin for Z years sig- 
nificantly decreased subclinical athero- 
sclerosis indicated by abnormal exer- 
cise electrocardiography tests among 
siblings of patients with existing car- 

iftliLs reserved. (Reprinted) 



diovascular disease. In the Swiss Heart 
Study^ treatment with a combination 
of folic acid and vitamins and B12 
significantly decreased restenosis 
and revascularization after coronary an- 
gioplasty at 6 months'' and a com- 
bined cardiovascular end point at 11 
months.^^ Ongoing dinical trials should 
provide more definitive data on the role 
of folic acid supplemeniation in CHD 
prevention, but the interpretation of the 
findings from trials conducted in the 
United States could be complicated by 
die fortification of flour with folic acid.** 

SPECIRC FOODS 

AND DIETARY PATTERNS 

The relationship between consump- 
tion- of specific foods or overall dietary 
patterns and risk of CHD has been ex- 
amined in recent studies. Such analy- 
ses are valuable in evaluating addi- 
tional diet-heart hypotheses and in 
making practical dietary recommenda- 
tions. For example, replacement of red 
meat with chicken and fish has been as- 
sociated with reduced risk of CHD.'* An 
inverse association between nut con- 
sumption and risk of CHD has been 
seen consistently in prospective stud- 
ies.^-^°' (Figure 4), which further un- 
derscores the importance of distin- 
guishitig different types of fat Although 
nuts are high in fat and, thus, rou- 
tinely proscribed in dietary recommen- 
dations, the predominant types of fat 
in nuts are monounsaturated and poly- 
unsaturated, which lower LDL-C 
level.^^^ 

Although beneficial effects of fruits 
and vegetables are widely assumed, only 
in recent years has solid epidemio- 
logic evidence begun to emerge'"*'*" 
{Figure 4). In the largest study, includ- 
ing 84251 women and 42148 men,^"*' 
Joshipura et al reported a significant in- 
verse association between consump- 
tion of fruits and vegetables, particu- 
larly green leafy vegetables and vitamin 
C-rich fruits and vegetables, and risk 
of CHD. Increased consumption of po- 
tatoes, however, was not associated with 
benefits. In several prospective stud- 
ies, a higher cousvmiption of whole 
grairis as opposed \o refined grains was 

AMA. Nuvcmhcr 27. 2002— Vol 238. No. 20 3573 



PACE 60/80 ■ RCVO AT 1/21/20O5 9:40:50 AM [Eastem Standard Time] * SVR:USPTO-EFXRF-1/25 * DNIS: 2738300 * CSID: 2033356899 " DURATION (mm-ss): 55-30 



01/21/2005 11:21 FAX 2033356899 



Coleman Sudol Sapone P.C 



aOGi 



OPTIMAL DIETS FOR PRE^'E^^^ON OF CHD 



Figure 4. Prospective Cohort Studies of 
Cixliovascular Disease and Consumption of 
Nuts. Fruits and VegetaWes, or Whole Grains 
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Relative risks CRRs) and 95% ctmfidiince intervals (Os) 
were rfe rived from the comparison of the incidence 
FEtes t»etween the highest' and kyvvest'Consumption 
groups (quintites, quartiles, or specific intake catega- 
n'es) and were adjusted for nondietary and/or dietary 
covariates. In each category, studies are shown in the 
order of most recent to least recent putillcatlon. As- 
terisk indicates confidence intervals were not pub- 
lished In the original article. 



associated with a lower risk of cardio- 
vascular disease (Figure 4),9fi.in-n3 

Recently, several studies have re- 
ported the role of overall dietary pat- 
terns in predicting long-term risk of 
CHD,*'^ In these analyses, a ^pru- 
dent" pattern characteruired by higher 
intakes of fruits, vegetables, legumes, 
wholegrains, poultry, and fish was as- 
sociated with lower risk of CHD, 
whereas a "VVesiern" pattern charac- 
tcrizcd by higher intakes of red and pro- 
cessed meats, s^x'cels and desserts, po- 
tatoes, french fries, and -refined grains 
was associated with a higher risk, in- 
dependent of lifestyle factors. 

Two randomized trials tested the 
whole -diet approach in secondary pre- 
vention of CHD (Table). In the Indian 
Heart Siudy."^ a semi vegetarian diet en- 



riched with fruits, vegetables, whole 
grains, and nuts reduced coronary death 
by 41% and nonfatal Ml by 38%. In the 
Lyon Diet Heart Study a Mediter- 
ranean diet enriched with ALA re- 
duced CHD death by more than 70%. 
These findings, together with the 
results from prospective cohort stud- 
ies and the Dietary Approaches to Stop 
Hypertension trials,"^"' support the 
clinical utility of a whole-diet ap- 
proach in the prevention of cardiovas- 
cular disease. 

COMBINED EFFECTS 
OF DIET AND UFESTYLE 

The combination of multiple dietary fac- 
tors is more powerful than a single fac- 
tor alone. In the Nurses' Health Study 
cohort, a diet high in cereal fiber, ma- 
rine omega-3 £atty acids, and folate and 
low in trans-fat and GL, with a high ra- 
tio of polyunsaturated (at to saturated 
fat, strongly predicted decreased risk of 
CHD (relative risk comparing highest 
with lowest quintilcs of the composite 
scores 0.40; 95% confidence interval, 
0.31-0.53).*^** Also, improvement in 
these dietary factors explained much of 
the decline in the incidence of CHD dur- 
ing 14 years of follow-up of the co- 
hort."^ 

Besides diet, several other behav- 
ioral factors strongly influence CHD 
risk. Analyses from the Nurses' Health 
Study estimated that 82% of CHD 
events in the study cohort could be po- 
tentially prevented by moderate diet and 
lifestyle modifications.*^*^ Among non- 
smokers, 74% of coronary events might 
have been prevented by eating a healthy 
diet, maintaining a healthy body weight, 
exercising regularly for half an hour or 
more daily, and consuming a moder- 
ate amount of alcohol (^5 g/d). 

Results from several multifactorial 
primar)' prevention trials using diet and 
lifestyle intervention have been largely 
unimpressive, probably because of poor 
compliance and inadequate power. 
The Oslo Heart Study, however, dem- 
onsuaied that stopping smoking and in- 
creasing the ratio of polyunsaturated to 
saturated fats in the diet reduced CHD 
incidence by 47% among men with 



higher-than-average serum choles- 
terol levels.*" In the Lifestyle Heart 
Study,*^"* a combination of an ex- 
tremely low-fat diet, exercise, stress 
management, and yoga significandy re- 
duced progression of atherosclerosis, 
but the low-fat regimen is unnecessar- 
ily rigid and difPicult for most people 
to follow, 

AREAS OF UNCERTAINTY 

The optimal amounts of monounsatu- 
rated and polyunsaturated fats in the 
diet are still unclear. Intake of linoleic 
acid is usually recommended not to ex- 
ceed 10% of energy, in part because of 
little long-term human experience with 
such diets, although benefits from 
higher intake exist for blood lipids. 
There has been some concern that a 
high-polyunsaturated-fat diet may in- 
crease cancer risk, but this has not been 
substantiated in large epidemiologic 
studies.'*' 

The optimal balance between 
omega-3 and omega-6 polyunsatu- 
rated fatty acids also remains un- 
settled. Some have proposed reducing 
the consumption of linoleic acid to 
achieve a greater ratio of omega-3 to 
omega-6 fatty acids in the diet.*^ '" 
However, there is little evidence that a 
higher ratio predicts a lower risk of 
CHD."^ Both omega-3 and oinega-6 
fatty acids have important roles in re- 
ducing CHD risk, probably through dif- 
ferent mechanisms. Thus, a good strat- 
egy is to subs tan tially increase intake 
of omega-3 fatty acids from Rsh and 
plant sources (because intake for many 
people is clearly suboptimal) without 
decreasing intake of linoleic acid. This 
will improve the ratio and maximize the 
cardioprotective benefits of both 
omega-3 and omega-6 faiiy acids. 

The amount and type of protein in the 
diet is a matter of debate. Substitution 
of soy for animal protein reduces LDL- 
C.'^^and substituting animal protein for 
carbohydrates raises HDL-C and low- 
ers triglyceride levels. Coixsistent with 
the metabolic studies, a prospective co- 
hort study found that a moderate^ high 
protein intake (24% vs 1 5% of energy 
from protein) was associated with a sig- 



2 574 ;amA. ..-.cnilKr 27. 2i}02— Vol 288. No. 20 (Reprinted) 



©2002 .American Medical Associnllon. All nghis reserved. 



PAGE 61/80 ■ RCVD AT 1/21/2005 9:40:50 AM [Eastern Standard Time] ■ SVR:U8PTO-EFXRF-1/25 • DNI8: 2738300 • CSID:2033359S99 * DURATION (mm-5S):55-30 



01/21/2005 11:22 F.-VX 2033356899 



Coleman SuUol Saponc P.C 



©002 



OPTIMAL DIETS FOR PREVENTION OF CHD 



nificantly lower risk of CHD after ad- 
justment for cardiovascular risk fac- 
tors and dietary fiat intaki."^ To avoid 
an increase in saturated fat intake, the 
major source of protein in the diet 
should come from nuts, soybeans, le- 
gumes, poultry, and fish. 

The role of phytochemicals and an- 
tioxidants in the prevention of CHD is 
promising but unsettled. The choles- 
terol-lowering effects of plant sterol or 
stanol (saturated sterols) liavcbeen well 
documented in clinical trials"^ and 
commercial products ntade of these 
compounds are widely available, but 
their long-term effects remain to be 
seen. Six prospective cohort studies 
have evaluated the association be- 
tween fiavonoid intake and risk of CHD. 
A significant inverse association was ob- 
served in some studies"^' ^ but not oth- 
liT.ns A^ithough a body of experi- 
menul evidence has demonstrated the 
role of antioxidant vitamins in reduc- 
ing oxidative stress and substantial epi- 
demiologic evidence has linked intaJte 
of vitamin E with a lower CHD risk, re- 
sults from published clinical trials of vi- 
tamhi E supplements, primarily among 
patients with clinical CHD, have been 
largely disappointing. ^^'-^ ^ Ongoing pri- 
mary prevention trials should provide 
more insights. 

Finally, a large and inconclusive lit- 
erature has examined the relationship 
between dietary minerals such as cal- 
cium, magnesium, zinc, and selenium 
and risk of CHD/* Most studies have 
been based on ecologicil correlations 
or case-control analyse. Additional 
large prospective siudii^ or random- 
ized trials wiih clinical end points are 
required lo resolve iht: role of indi- 
vidual minerals from diet or supple- 
ments. 

CONCLUSIONS 

Compelling evidence from metabohc 
studies, epidemiologic investigations, 
and clinical trials in the oast several de- 
cades converges to indicate that at least 
3 dietary strategies are effective in pre- 
venting CHD: substitute unsaturated 
fats (especially polyunsntu rated fat) for 
saturated and tran j;-fat.'r; increase con- 
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sumption of omega -3 fatty acids from 
fish oil or plant sources; and consume 
a diet high in fruits, vegetables, nuts, 
and whole grains and low in refined 
grains. A combination of these ap- 
proaches can confer greater benefits 
than a single approach. However, sim- 
ply lowering the percentage of energy 
from total fat in the diet is unlikely to 
improve lipid profile or reduce CHD in- 
cidence. 

Obesity is an important avenue by 
which diet can influence risk of CHD. 
However, the relationship between diet, 
especially dietary fat, and obesity re- 
mains controversial. Although reduc- 
tion in percentage of calories from 
dietary fat intake is commonly recom- 
mended for weight loss, long-term clini- 
cal trials have provided no good evi- 
dence that reducing dietary fat per se 
can lead to weight loss.***-^^^ There is a 
growing consensus that excess calo- 
ries, whether from carbohydrates or fat, 
will induce weight gain, A mildly hy- 
pocaloric moderate-fat diet, which al- 
lows for a great variety in choosing 
foods, can have belter long-term com- 
pliance than a typical low-fat diet.*^^ 
Small short-term studies have sug- 
gested roles of several diets in weight 
control, including a low-Gl diet,''*'* a 
high-protein diei,'^'-^*^ and a diet high 
in dairy products,''*^ but larger and long- 
term studies are needed. 

Although prevailing dietary guide- 
lines emphasize target intake of spe- 
cific macronutrienls (eg. not exceed- 
ing 30% of energy from fat).^' such 
numerical criteria are not based on solid 
scientific evidence, and the public finds 
it difficult to make dietary changes 
based on such criteria. A variety of op- 
tions exist for designing attractive and 
heart-healthy diets, with varying 
anwDunts of fat and carbohydrates, as 
long as the diet embraces healthy types 
of fat and carbohydrates and provides 
an appropriate balance in energy in- 
take and expenditure. Evidence is now 
clear that diets including nonhydroge- 
nated unsaturated fats as the predomi- 
nant form of dieiar)' fat, whole grains 
as the main form of carbohydrate, an 
abundance of fruits and vegetables, and 
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adequate omega-3 fatty acids can offer 
significant protection against CHD. 
Such chets, together with regular physi- 
cal activity, avoidatKC of smoking, and 
maintaining a healthy weight, may pre- 
vent the majority of cardiovascular dis- 
ease in Western populations. 
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